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Background
Linezolid (LZD) is standardly used in treating multidrug-resistant (MDR) Gram-positive bacteria such as vancomycin-resistant Staphylococcus aureus (VRSA) and vancomycin-resistant Enterococcus (VRE). Recently, several adverse effects of LZD have been described, including metabolic acidosis, peripheral neuropathy, and hyperlactatemia. These known complications have rarely contributed to life-threatening conditions, while LZD associated lactic acidosis and thrombocytopenia could be a lethal process, which has seldom been reported worldwide. In this report, we described the therapeutic process of a patient developing lactic acidosis and thrombocytopenia after LZD therapy on endocarditis.
Case Report
A 50-year-old Chinese female was admitted to the Emergency Department (ED) of West China Hospital in May 2015, with complaint of 6 days' continuous abdominal pain and vomiting, whose hemogram indicated lactic acidosis and thrombocytopenia. She had a past history of aortic valve and mitral valve replacement for rheumatic heart disease in June 2010 and anemia due to chronic renal failure in July 2013.
One month before ED admission, she was admitted to the Department of Cardiology in West China Hospital due to palpitation and fever for 2 weeks. She was then diagnosed with endocarditis based on echocardiography and blood culture results. Specifically, methicillin-resistant Staphylococcus intermedius was found in her blood culture and her echocardiography /L). Considering that most LZD consumed is not cleared through the kidney, the initial inpatient treatment regimen consisted of LZD (600 mg intravenously every 12 hours) for endocarditis and warfarin (1.25 mg orally every 12 hours) for mitral valve replacement. After a 13-day LZD treatment, the patient's condition improved, and her major symptoms gradually disappeared. Her body temperature also returned to normal and her multiple blood culture results were negative. Consequently, she was discharged from West China Hospital in April 30th and received LZD treatment in a local hospital for another 12 days.
Soon thereafter, she started to suffer from continuous abdominal pain and vomiting for 6 days prior to being re-admitted to the ED. Upon admission (May 13), she received LZD therapy for a continuous 25 days, after which time, she became drowsy, dyspneic, and unfortunately developed nausea, vomiting, and persistent periumbilical pain. To our relief, she didn't manifest with fever, chill, cough, diarrhea, expectoration, or rash. Physical examination indicated tachypneic (respiratory rate, 28 breaths/min), atrial fibrillation (heart rate, 83 beats/min), normotensive (blood pressure, 112/50 mmHg), and afebrile (temperature, 36.5°C). Table 1 showed the results of laboratory tests. Microbiological investigations (blood, urinary) were negative, no sputum specimen was collected. She was ultimately 
Discussions
In our case report, the patient finally died of lactic acidosis and thrombocytopenia after a 25-day LZD exposure, which was extremely rare, according to our knowledge. Since other drugs in the regimen to treat endocarditis are commonly acknowledged to be unrelated to lactic acidosis and subsequent severer complications such as septic shock or liver failure confirmed by complete microbiological investigation and laboratory test results, the LZD exposure might have had a direct relationship with deadly lactic acidosis in this patient.
The patient in this report presented with signs of chronic renal failure 2 years ago. Although her urine volume increased to a normal range and her serum creatinine remained relatively stable after standard continuous renal replacement therapy (CRRT) therapy, the patient was vulnerable to LZD adverse effects since renal abnormalities could not possibly be eliminated. Previous studies recommended no adjustment of LZD dosage in patients with renal dysfunction (creatinine clearance, <40 mL/min) or patients with end-stage renal diseases depending on hemodialysis. However, from our experience, the patients tend to become increasingly susceptible to the adverse effects of LZD due to higher concentrations of metabolites of LZD in blood resulting from chronic renal failure. Therefore, physicians should pay more attention to LZD dosage [1] .
The incidence of lactic acidosis induced by LZD exposure is unknown, since few cases have been published. Studies in rabbits and rats have demonstrated that LZD can interfere host mitochondrial protein synthesis process due to their similarities to bacterial mitochondrial ribosomes, which might result from LZD's binding to mitochondrial 16S ribosomal RNA [2] . De Vriese et al. [3] reported decreased mitochondrial enzymatic activity in the affected tissues of a patient treated with LZD. In addition, decreasing respiratory chain complex enzyme activity of the mitochondria was also observed in a number of researches [3] [4] [5] [6] . In previous studies, manifestations of lactic acidosis were also documented 1 to 16 weeks after initiation of LZD therapy, with a median onset of 6 weeks [2] . Meanwhile, a longer duration of LZD treatment (>6 weeks) was a risk factor for metabolic acidosis, while renal impairment, age, and DM were not obvious risk factors [7] .
Our patient was diagnosed with lactic acidosis accompanied by thrombocytopenia. Earlier studies suggested that LZD was associated with reversible myelosuppression. In a study recruiting 796 patients who totally received 828 courses of LZD, thrombocytopenia was observed in only 2 patients (0.24%) [8] .
Another study suggested that LZD-induced anemia was secondary to a chloramphenicol-like suppression of erythropoiesis after a combination of chloramphenicol with mitochondrial ribosomes [9] . Therefore, mechanisms inducing lactic acidosis and thrombocytopenia associated with LZD might be similar. The hematologic events reported were mild to moderate in severity, transient in nature, which was related to treatment duration. Moreover, hematologic events reversed when therapy was halted [10] .
Preventing LZD-induced lactic acidosis requires careful evaluation of arterial blood gases. Decisively halting LZD therapy immediately and continuously monitoring laboratory values is the most important procedure when these symptoms appear. However, discontinuation of LZD therapy is inadequate to cure critically symptomatic patients. Moreover, as some scholars have suggested, a treatment plan that couples drug discontinuation with renal replacement therapy could be an efficient alternative. However, no large randomized studies on survival have been reported [11] [12] [13] [14] [15] .
Conclusions
In this case report, we focused on the adverse effect of LZD therapy which might be triggered by continuous use within a short period of time. In the future, we have to be aware of the possible adverse effects when extensive use of LZD is mandatory and thus be prepared to administer specific drugs and techniques to combat adverse effects.
